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Abstract 
According to the character of the high-rise buildings fire risk, this paper establishes the index system of fire risk on high-rise 
building, calculates the weight of every index by AHP, applies fuzzy pattern recognition model with the least summation of 
weighted generalized distance in fuzzy comprehensive assessment, sets up the fire risk assessment model of high-rise buildings 
based on the fuzzy pattern recognition and brings in fuzzy characteristic quantity of safety grade to deal with the assessment 
result of fire risk on high-rise building. At last, this method stated above is applied to some hotel in Xi'an which can provide
available gist for performance-based fire protection design and safety management. 
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1. Introduction 
With continuous development of economic and building technology, high-rise buildings are developing rapidly 
at an alarming rate, following fire issues are also increasingly prominent. As the chimney effect of high-rise 
buildings, winds speed up the fire and electrical fires, make fire spread fast. Building functional diversification, 
making Fire Prevention is more complex. For the layers and sizes of high-rise buildings, high concentration of 
people and property make the fire fighting and evacuation operations very difficult when in fire. The fire danger in 
these buildings is much greater than in ordinary one. At present, the rising building fire has been one of the major 
problems with great attentions throughout the country, which need to be resolved eagerlyP [1] P. It is necessary to 
establish the fire risk assessment for high-rise buildings to prevent and control of fire accidents effectively. 
In evaluation of high-rise buildings fire, it is necessary to take into account not only the prevention before the 
fire, but also fire fighting, evacuation and spreading when in fire. The fire risk assessment for high-rise buildings 
involves many factors, the properties of which come from different categories and levels. Most factors are difficult 
to quantify, so there will be a certain ambiguity. For such complex system, it is difficult to compare the merits of the 
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order of the factors, and will have no meaningful results if only a simple evaluation modelP [1] P. The fuzzy 
comprehensive evaluation model is used in this comprehensive evaluation of the system. It helps judge whether the 
system is in safety or danger states objectively. 
2. Fire risk evaluation index system for high-rise buildings 
Fire Risk Assessment for buildings can effectively prevent and control fire accidents and this index system is the 
basis for building fire risk assessment. Whether the selected indicators are comprehensive, objective, accurate and 
practical will relate to the evaluation of the usefulness and validity of the results P[2] P. High-rise building fire risk 
evaluation index system is an organic whole involved in the interrelated and mutually restraining factors. 
It is based on the high-rise buildings fire risk analysis and the principle of index system, referenced to the High-
rise Buildings Fire Safety Design Specifications and the actual situation to establish high-rise buildings fire risk 
evaluation index system. Use qualitative and quantitative analysis method to determine the level of the evaluation 
index weights. The evaluation index system and weights are shown in Table 1.
Table 1 Index quantification of fire risk assessment for high-rise buildings 
Level indicators Weights Secondary indicators Weights Characteristic value 
  Fire Alarm System UR11 0.42 7.75 
Automatic sprinkler system UR12 0.23 7.32 
Fire Water System UR13 0.08 6.76 
Other fire extinguishing systems UR14 0.03 5.56 
Active system of 
high-rise buildings 
fire protection UR1
0.32 
Smoke Control Systems UR15 0.23 6.28 
Fire pitch UR21R  0.03 6.68 
Fire resistance rating UR22 0.07 7.46 
Fire load UR23 0.51 5.80 
Electrical Fire UR24 0.13 6.92 
Passive fire 
protection systems 
for high-rise 
buildingUR2
0.05 
Fire, smoke partitions UR25 0.26 7.32 
  Evacuation routes UR31 0.09 5.96 
Safe evacuation distance UR32 0.14 6.52 
Stairs and stairwells set UR33 0.35 6.04 
Other evacuation facilities UR34 0.07 7.08 
Evacuation
systemUR3
0.12 
Safety export volume and width UR35 0.35 6.68 
The preparation of plan UR41 0.49 6.20 
Emergency drills UR42 0.08 5.24 
Fire fighting and rescue capabilities UR43 0.31 7.48 
Emergency rescue 
systemUR4
0.32 
Emergency rescue fire-fighting facilities UR44 0.12 6.04 
Personnel fire quality in the building UR51 0.16 5.80 
TThe level of T TsecurityT TmanagementT Tservices T UR52 0.47 6.20 
Establishment and implementation of fire system 
UR53
0.22 6.12 
Buildings surrounding UR54 0.08 7.08 
Local climate conditions UR55 0.05 6.76 
Fire safety 
management and 
othersUR5
0.19 
Building location UR56 0.02 7.64 
3. Fuzzy pattern recognition based on high-rise buildings fire risk fuzzy comprehensive evaluation  
3.1. The establishment of evaluation factors 
According to high-rise buildings fire risk evaluation index system establish the high-rise buildings fire risk 
evaluation factor set U, 
( )1 2 3 4 5U= U ,U ,U ,U ,U ˗Then,  
1 11 12 13 14 15U (U , U , U , U , U )= ˗ 2 21 22 23 24 25U (U , U , U , U , U )= ˗
3 31 32 33 34 35U (U , U , U , U , U )= ˗ 4 41 42 43 44U (U , U , U , U )= ˗
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5 51 52 53 54 55 56U (U , U , U , U , U , U )=
3.2. Determine the field level of reviews 
The field level of high-rise buildings fire risk assessment is: 
V={ Safe, Below safe, Normal, Risk, Dangerous}˗
The corresponding evaluation vector : V={9ˈ7ˈ5ˈ3ˈ1}˗
Treated by the fuzzy, the domain of discourse of risk rating is: { }10 8,8 6,6 4, 4 2, 2 0Ω = ∼ ∼ ∼ ∼ ∼
3.3. Fuzzy comprehensive evaluation model based on fuzzy pattern recognition  
Fuzzy comprehensive evaluation is currently the most widely used fuzzy comprehensive evaluation method, but 
the traditional fuzzy comprehensive evaluation model, and the results easy to become homogenized, and one of the 
single factor matrix is more complex operations, as well as Fuzzy operator Choice will affect the accuracy of the 
final evaluation results in the process of fuzzy computing. Use the fuzzy pattern recognition model based on least 
square sum of weigh generalized distance into the fuzzy comprehensive evaluation, and to construct appropriate 
membership function, which will avoid the choice of fuzzy operators. Also these methods use the risk state-level 
characteristics to characterize the level of the final evaluation will avoid too much information loss of maximum 
membership degree. So that the evaluation results of using the fuzzy comprehensive evaluation is more accurate and 
reasonable. 
According to the literature [3], the sample j (j = 1, 2... n) , the fuzzy set A̚  of every level h (h = 1, 2... c), the 
optimal ultimate expression of the relative membership degree hiμ is:
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Where, p is the distance parameter, p = 1 that the Hamming distance, p = 2 that the Euclidean distance.  In the 
fuzzy pattern recognition model, often p = 2. ja and jb  are the minimum and maximum levels based on comparing 
ijr  with ihs . ijr is the relative membership degree based the eigenvalue relate to A̚ on sample j and index i (i = 
1,2, ..., m). ihs is the relative membership degree based the eigenvalue relate to A̚  on h and i . ijw  is the weights on j 
and i , and they must satisfy the normalization condition. 
In order to address the non-applicability on the principle of maximum membership degree, it usually uses a 
relative-status characteristic value as new indexes to determine or identification. When the relative membership 
degrees meet the condition of normalization, that is
1
( ) 1
c
hi
h
μ μ
=
=¦ , and let the state variable h correspond the relative 
membership degree as its weight, the sum is: 
1
( ) ( )
c
Ah
h
H hμ μ μ
=
= ⋅¦ ˄2˅
Call this sum as the relative-status characteristic value or level characteristic value
P [4]P.
According to fuzzy pattern recognition model, get subsystem (k) to correspond the optimal relative membership 
degree matrix of every level:
YI Guang-wang and QIN Hua-li / Procedia Engineering 11 (2011) 620–624 623
11 12 1
21 22 2
1 2
( )
k k k n
k k k n
k c n k kj
k c k c k cn
U
μ μ μ
μ μ μ μ
μ μ μ
∗ ∗ ∗
∗ ∗ ∗
∗ ∗
×
∗ ∗ ∗
ª º
« »
« »
= =« »
« »
« »¬ ¼


   

˄˅
From˄2˅, there is˖
11 12 1
21 22 2
1 2
1 2
(1,2, ) (1,2, ) ( , , )
k k k n
k k k n
k k c n k k k n
k c k c k cn
H c U c H H H
μ μ μ
μ μ μ
μ μ μ
∗ ∗ ∗
∗ ∗ ∗
∗
×
∗ ∗ ∗
ª º
« »
« »
= = • =« »
« »
« »¬ ¼


    
   

˄4˅
Where 
R
k
R
H is the fire risk-status level characteristic value subsystem (k), used to measure and evaluate the fire 
danger degree , and k=1,2, Ă,t. 
Set the weight vectors of t sub-systems on high-rise buildings fire risk assessment system is, 
1 2( , , )tW w w w=  and
1
1
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=¦ 
Then the risk-status characteristic value is,
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Also set 1 2 n
2
H H HH + + +=  ˄˅
Then H is the last level characteristic value.
3.4. Results 
At present, the maximum membership degree principle and level characteristic value are used to determine the risk 
rating of system, because the result for these two methods is a total score, which is only a point in phase space, 
rather than a fuzzy set. Then they are inconsistent with the fuzzy set theory, but also difficult to reflect the actual 
risk of the system, and the evaluation results may be higher or lower than the actual risk level. 
In this paper, use the fuzzy feature amount of risk level to assess the status risk of system and get the 
maximum and minimum risk level. 
When using symmetric triangular closed fuzzy numbers, the risk level fuzzy characteristic quantities is 
expressed as 
P>@P,
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This method will ensure that the system risk level falls within that range, and
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4. The case study  
The studied-case is a high building in Xi'an city. Whose characteristic value of each index shown in Table 1. 
Using the fuzzy comprehensive evaluation method come to the value of hotel fire risk assessment state-level feature: 
H = 6.76, this indicator is a relatively safe level. But considering the safety of their ambiguity, need to do data 
processing for further in order to give a range. By equ.(4.27) to obtain the level fuzzy characteristic quantities of this 
high-rise buildings fire risk: 
[ ] [6.31 7.21]A A AH H Hμ μ μ
−
= =
̚ ̚ ̚
ˇˈ ˈ , and the fuzzy feature value MH = 6.76. The worst indicator is 6.31 for this high-
rise buildings fire risk, and belonging to the two level. The best indicator is 7.21, are two level. Eventually 
determined the high-rise buildings fire risk is "below safe “level, and the possibility of belonging to a more secure is 
100%. 
5. Conclusion 
 By analyzing the impact factors of high-rise buildings fire risk, conclusions are followed : 
 (1) Fuzzy comprehensive evaluation is a quantitative assessment method, which often used to assess the multi-
factor system which is difficult to quantify, and can quantitatively express the qualitative parameters and some 
parameters of subjective judgments, and which make the assessment results more comprehensive, objective and 
scientific. High-rise buildings fire risk assessment is a matter of many factors, which is difficult to quantify, and 
appropriate to use this method.  
(2)The most important is to define the single factor matrix in the fuzzy comprehensive evaluation method. Use 
the fuzzy pattern recognition model based on least square sum of weigh generalized distance into the fuzzy 
comprehensive evaluation, and to construct appropriate membership function, which will avoid the choice of fuzzy 
operators. Also these methods using the risk state-level characteristics to characterize the level of the final 
evaluation will avoid too much information loss of maximum membership degree. So that the evaluation results is 
more scientific and accurate. 
 (3) As using the maximum membership degree evaluation leads to distortion the level characteristic value 
method determining the risk level is a defined point. Then the distortion will be eliminated after using the fuzzy 
characteristic value of system risk level. 
 (4)The established evaluation system is used to study a hotel in Xi'an. The hotel rates in "below safe", which 
would be helpful for the hotel's daily safety management and performance-based design. 
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